


Universal 
XA Development Board 


Part 2: construction and use 


Design by B. Bouchez 


Last month we examined the theoretical aspects of the universal 
development board for the Philips XA series of microcontrollers. In this 
second and concluding part, we describe the construction of the board 
and programming considerations. 


Although the circuit is rather large and com- Eurocard (100 x 160 mm). The circuit PC/104 connector and the associated 
plex, the Elektor Electronics laboratories suc- board layout also gives proper con- fitting holes. Given the high compo- 
ceeded in fitting everything onto a single sideration to the placement of he nent density, there was no alterna- 
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Figure la. Component layout for the XA development board. 


COMPONENTS LIST 


Resistors: 
RI,R2,R3,R6 = 4kQ7 
R4 = 1kQ5 
R5 = 1kQ. 


Capacitors: 
Cl-C5,C10-C21,C24 = 47nF 
C6...C9 =I UF 25V radial 
C22,C27 = 100nF 


C23 = 2nF2 

C25 = 220nF 

C26 = |0uF 35V radial 
Semiconductors: 

DI = IN4001 


D2 = LED, low-current 

ICI = PXAC37KBA (Philips 
Semiconductors, see text) 

1C2,IC3 = 74HCT573 

IC4,IC5 = 74HCT245 

IC6 = 74HCT244 

IC7 = MAX232 (Maxim) 


IC8,IC9 = 27C256-90, programmed, 


tive to using a two-sided, through- 
plated circuit board layout. 


Construction 


The copper layout and component 
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IC8: order code 010103-21, IC9: 
order code 010103-22) 

IC10,ICI 1 = 62256-55 (RAM) 

IC12 = GALI6V8 (programmed, 
order code 010103-31) 

IC13 = 74HCT14 

IC14 = ADM691A 

IC15 = PCA82C250T 

IC16 = L7805CP 

ICI7 = 16MHz oscillator module 

IC18 = 1.8432MHz oscillator module 


Miscellaneous: 

BATI = 3 V Lithium battery 

JP1,JP2,)P3 = jumper 

KI = 9-way sub-D socket (female), 
PCB mount, angled pins 

K6 = PC/104 connector, two rows of 
32 contacts (see text) 

S| = 8-way DIP switch 

Heatsink for C16 

PCB, order code 010103-1 

Disk, contains source, hex and Jedec 
files, XADEV; order code 010103- 
11 or Free Download 


layout of the circuit board are shown 
in Figure 1. In general, fitting the 
components should not present any 
problems, but certain aspects — par- 
ticularly fitting the PC/104 connector 
— require extra comment. 
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As usual, we highly recommend using 
sockets for the ICs, especially the memory 
chips. For the PLCC package of the XA micro- 
controller, there’s no other choice, since it’s 
hard to imagine how anyone could solder the 
44 leads of this IC package (arranged in two 
closely spaced concentric squares) directly to 
the board. You should preferably use high- 
quality sockets with turned pins, in order to 
avoid problems over the long term. 


The monitor EPROMs 


IC8 and ICY, which are type 27C128 EPROMs, 
contain the monitor program that allows you 
to develop and test your own programs. They 
are available from Readers Services under 
order numbers 010103-21 and 010103-22 
(these are type 27C256 devices, for reasons 
described further on). If you wish to program 
the EPROMs yourself, you can use the Intel 
hex files available from the Elektor Electron- 
ics website or on diskette from Readers Ser- 
vices (order number 010103-11). There are 
two versions of these files. Files 010103-21 
and 010103-22 are for use with 27C256 
EPROMs, which can be fitted directly on the 
board in place of the prescribed 27C128s 
without any modifications. The hex files for 
27C128 EPROMs are 010103-23 and 010103- 
24. Be sure to use the correct files for 
whichever type of EPROM you have, and 
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Figure |b. PCB copper layout for the XA development board (double-sided, through-plated, available ready-made). 


clearly label IC8 and IC9 so you don’t acci- 
dentally fit them in the wrong sockets 
(swapped around). 

The EPROMs must be CMOS types, since 
otherwise the circuit will not work. This 
means you must use either 27C128s or 
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27C256s, not 27128s or 27256s! In 
addition, all of the logic ICs must be 
74HCT types. Do not mix ICs from 
different families on the board. 

The board was originally 
designed to use 27C128 EPROMs, 


but it turns out that these devices 
are currently more difficult to obtain 
and more expensive than the larger- 
capacity 26C256. Fortunately, both 
types can be used without any mod- 
ifications to the board. In the 
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Figure 2. Photograph of a prototype of the board. In the final version, the oscillator packages are further apart. 


27C256, the PGM (program) input of 
the 27C128 is replaced by the A14 
address line, and on the develop- 
ment board this pin is tied to +5 V. 
The contents intended for the 
smaller 27C128s can thus be used 
with 27C256s by programming them 
to start at address $4000 instead of 
$0000. This is why two versions of 
the hex files are available. 

Note: the current version of the 
monitor program is only suitable 
for use with XA-G3 microcon- 
trollers. It is not compatible with the 
XA-C3. A special version for the latter 
type of microcontroller is currently 
under development, and we will 
advise you when it is available. 

The GAL (IC12) is also available 
pre-programmed under order num- 
ber 030103-31. If you have the nec- 
essary equipment for programming 
GAL devices, you can also download 
the source file (GAL_IC12.SRC) and 
Jedec file (GAL_IC12.JED) from the 
Elektor Electronics website. If you do 
not have access to the Internet, 
these files are also available on the 
same diskette as the EPROM files 
(order number 010103-11). 

The monitor uses the slowest 
possible bus speed, which means 
that EPROMs with an access time of 
250 ns are satisfactory. However, 
there is nothing to stop you from 
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modifying the contents of the BTRH 
and BTRL registers in order to ‘soup 
up’ the circuit, as long as you use 
correspondingly fast memory ICs. 

If you use an XA-C3 (with a cor- 
responding monitor program), you 
must also fit IC15 (PCA82C250T), 
since it is necessary for access to the 
CAN bus. The circuit board is 
designed for a DIL version of this IC. 
If you can only obtain an SMD ver- 
sion, you will have to use an adapter 
socket. 


PC/104 


The PC/104 socket requires a bit of 
extra attention. There are two differ- 
ent types available: stackable and 
non-stackable. 

The stackable type is actually a 
hermaphroditic connector, which 
means it has a male connector 
(header) on one side and a female 
connector (socket) on the other side. 
The socket is fitted on the compo- 
nent side of the circuit board, with 
the header passing through the 
board to the solder side. The pins of 
the header can then be inserted into 
the socket of a PC/104 card under- 
neath the development board. 

There is also a simpler, non-stack- 
able type of connector consisting 
only of the header. This type of con- 


nector is most commonly found on controller 
boards (bus masters). The development board 
can be used with both types of connectors, as 
can be seen from lead photo for this article. 

The standard height of a PC/104 socket is 
0.6 inch (1.52 cm). If the ICs are fitted in sock- 
ets, they may be higher than this, which will 
make it impossible to fit PC/104 cards on top 
of the development board. In that case, the 
expansion boards can be connected to the 
bottom side of the board. 

The stackable type of connector is often 
difficult to obtain. However, you can also use 
standard 2-row pin headers with a standard 
pitch of 2.54 mm and solder them to the bot- 
tom (copper side) of the circuit board. If you 
use a non-stackable connecter (socket), it 
must be fitted to the component side of the 
board. 

Fitting the other components should not 
present any difficulties, so little additional 
description is necessary. All ICs have the 
same orientation. The space between the IC 
sockets is limited, so you should use thin 
decoupling capacitors, preferably Siemens 
Sibatit (miniature ceramic) types. Capacitors 
C1 and C2 are fitted to the solder side of the 
board, as shown in Figure 3. 


Using the development system 


Up to now, we have only described the hard- 
ware of the development system. However, a 
microcontroller board without any software is 
totally useless. Besides this, you will most 
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Figure 3. Close-up of the placement of CI and 
C2 at the solder side of the board. 


likely have to pass through a learning stage 
before you will be able to write your own 
stand-alone programs. In order to make this 
unavoidable process easier, we have written 
a simple but powerful monitor program that 
you can use to test your own programs under 
real conditions. 

A simple terminal emulator program con- 
figured for 9600 baud, 8 data bits, no parity, 
1 stop bit and no flow control is all that is 
necessary for communication with the moni- 
tor program. Programs such as HyperTermi- 
nal and Procomm are excellent choices for 
this task. The link between the PC and the 
development board is provided by a standard 
1:1 RS232 cable (not a null-modem cable!). 

After giving the assembled board a final 
inspection, you can connect it to a free COM 
port on your PC, start up the terminal emula- 
tor and switch on the power. The following 
message should appear on the screen of the 
PC: 


*** XA-G3 Monitor V1.03 *** 


(followed by some additional text), after 
which a command prompt (>) should be dis- 
played, as shown in the screen dump in Fig- 
ure 4. This indicates that the microcontroller 
board is waiting for further commands. 

The monitor program uses relatively few 
commands, and experienced users of devel- 
opment systems should find them fairly famil- 
iar. Table 1 presents a summary of the moni- 
tor commands. 


Programming in XA assembler 


It’s nice to have a flexible, high-performance 
development board, but that’s the easy part. 
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The hard part is using it. One of the 
most difficult aspects of working 
with a new microcontroller, for hob- 
byists as well as for professionals, is 
acquiring the necessary hardware 
and software. 

As far as the hardware is con- 
cerned, this development board pro- 
vides a large number of features at a 
reasonable price. To achieve even 
more flexibility, it would be neces- 
sary to use an in-circuit emulator 
(ICE), which is a significantly more 
expensive proposition. 

The software (assembler, com- 
piler, line editor, library manager and 
simulator) can also easily cost a 
pretty penny. However, the software 
for this system is free, at least as long 
as you program in assembler, since 
Philips Semiconductors offer a set of 
semi-professional development tools 
for the unbeatable price of 0 (say, 
zero) pounds. Naturally, if you wish 
you can later acquire more extensive 
development tools, such a relative 
assembler and/or C compiler. 

The Philips Semiconductors 
development package, which is 
called XADEV, contains an absolute 
assembler, a simulator and a devel- 
opment environment, all of excellent 
quality. This software is no longer 
supported by Philips Semiconduc- 
tors and is written for use with Win- 
dows 3.1, but it still works perfectly 
with more modern 32-bit versions of 
the operating system (at least Win- 


dows 95 and Windows 98; we 
haven't tested it with Windows NT4, 
2000 or XP). 

This development package is 
available on diskette and from our 
website (with the permission of 
Philips Semiconductors). The soft- 
ware is compressed into a zip file 
(XADEV.zip), so it must first be 
unpacked on a diskette or in a sub- 
directory on the hard disk before it 
can be installed. The only negative 
point to note about this software is 
that it is missing a user manual. 
Although the Help function provides 
a certain amount of assistance, it is 
not very extensive. Fortunately, we 
were able to find a manual that was 
written by a Philips Semiconductors 
application engineer. According to 
the author, a scanned version of this 
manual is available for download 
from his website at 


http://benoit.bouchez. free. fr/ 


The file to look for is called 
XADEV_manual.zip. 

As can be seen from the screen 
dump in Figure 5, this development 
environment, despite its age, can 
hold its own with more recent mod- 
els. After the source code has been 
written using the editor, a simple 
click on a button in the menu bar is 
all it takes to assemble the code. The 
application can then be run in the 
simulator in the ‘run’ or ‘single-step’ 
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Figure 4. The greeting message of the monitor program as received by HyperTerminal. 
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modes, variables and registers can 
be modified as desired, and so on. In 
short, there’s no reason for com- 
plaint! 

A comment is in order here 
regarding the data memory of the 
XA family. Unlike the 8-bit proces- 
sors of the 8051 family, no distinction 
is made between internal and exter- 
nal RAM. In the XA family, the data 
memory is a single large block rang- 
ing from address $0000 to address 
$FFFF. The internal memory always 
starts at address $0000, and depend- 
ing on the type of processor, it is 
either 512 or 1024 bytes. The exter- 
nal memory is automatically 
selected if the memory location 
being addressed lies outside the 
range of the internal RAM. There is 
also another important difference, 
which is that registers RO-R15 are 
located in a separate, dedicated 
memory region, instead of in the reg- 
ular RAM. 

Another consideration is access to 
the special function registers (SFRs). 
The contents of these registers can- 
not be read or written using the mon- 
itor program, since they are 
addressed in a special manner that is 
not compatible with the indexed 
addressing method used by the D 
and M commands of the monitor pro- 
gram. If you need to debug a program 
at the register level, you will have to 
specifically insert MOV instructions 
in the program for the registers in 


S XA F mulator/Simulator 


Fie Edt Seach Languages View Simulator Window Help 


mee ed ffl = |=) 





E d:\xa_board\monitor\mon_g3.lst 





MICROCONTROLLER 


Table |. Monitor program commands 


Command Function 

Display the available commands and brief descriptions. 
Display the contents of the program memory. 

Display the contents of the data memory. 

Modify one or more bytes. 

Run the application (‘go’). 


IjgxO7U-~ 


Download a hex file. 


After you have tested your pro- 
gram using the simulator, the hex file 
generated by the assembler can be 
loaded into the program memory of 
the development board. As already 
mentioned, this can be done using a 
standard terminal emulator program, 
such as HyperTerminal or Procomm. 

Before you start programming, 
we emphatically suggest that you 
download some sample programs 
from the Philips Semiconductors 
website listed under ‘Internet 
addresses’ and carefully study the 
source code. A good starting point is 
the SKEL.ASM program, which 
forms part of the XADEV package. 
This program contains the minimum 
outline of an assembly-language pro- 


Author’s website: 
http://benoit.bouchez.free.fr 





Philips Semiconductors home page: 
www.philips-semiconductors.com 





Philips sample XA assembler programs: 
www.semiconductors. philips.com/ 
markets/mms/products/microcontrollers/ 
support/software_download/| 6bit_xa/ 
index.html 








Raisonance 
(demo version for the XA family): 
www.raisonance.com/download/index.php 





gram for an XA microcontroller. pletely different manner of programming, 
Bear in mind that the XA family which is bound to confront you with a num- 

has very little in common with its 8- ber of surprises! 

bit relatives and demands a com- (010103-2) 


Table 2. 


Contents of diskette 010103-1 1 















606395 686360 a80 [4] 
600398 D680 481 [8] 
482 
489 











LALU [ Tieeee eet atitttt a 


000387 CSFFFS 470 [7] call SEND_CHAR J 

OBBIBA FEFA a71 [6l br SEND_ROH_STRING GAL_ICI2.SRC Source file for the GAL 

Annas 47? FND_SFND_RMHW_STRING- = 

00038C D680 »73 [8] ret GAL_ICI2JED Jedec file for the GAL 
474 = 
als 7) HGH HEHEHE HEIEHOIHHBHE HERE BHA IE AEE IE AEE IE AEE AEREE IERE AEREE AEAEE EIEEE Mon_g3.asm Source file for the moni- 
476 ; GET CHAR : waits for character on Serial Port O and send it 

annagr 477 GFT_CHAR: | tor program 

GOG38E 97N3GOFE 478 [6] jnb ri 6, CET CHAR J 

606392 868460 a79 [4] muv.b ràl, sObuf Mon_g3.hex Intel HEX file for the 


monitor program 
010103-21.hex Content of EPROM IC8 


sande hee OE | 227222222222227? (for 27C256) 
00039A 918800 486 ba EFATHA FATA 010103-22.hex Content of EPROM IC9 
198 (for 27C256) 


010103-23.hex Content of EPROM IC8 
(for 27C128) 

010103-24.hex Content of EPROM IC9 
(for 27C128) 

XADEV.zip Compressed XADEV 
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ment package 


Figure 5. Screen dump of the XADEV development environment. 
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